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Enclosed are 20 copies of the first (30 September 1970) progress -=,7 _4,514( reortfor_glatract_DARCLA 70 C  0018. The progress report exceeds et4 ,1“/ 
the usual 2 or 3 page length due to the inclusion of appendices 
consisting primarily of Thesis abstracts. Several papers are in 
process and will be forwarded to you as appropriate. 
We feel that progress to date has been impressive, both in the 
mission significance of specific topics and in the amount of progress 
made. The progress was facilitated by two fortunate events: 
1. the existence of quality graduate students each of whom 
was receiving graduate support from a source which permits 
substantial research freedom. 
2. supplementary support from the funds of the School of 
Industrial & Systems Engineering during the period of 
January to June 1970. 
Condition 1 presented us with the opportunity to utilize the assistance 
of qualified individuals in the development of relevant research topics. 
Condition 2 permitted each faculty member to receive support for 50% time 
for one quarter and 25% support for the remaining three quarters. The 
internal finding source allocates funds to research expected to generate 
external support. We cannot plan on either condition being present in 
the future. 
As you are aware, and as the attached budget estimate indicates, support 
for the second year is minimal -- 10% time for the three Co-Principal 
Investigators. It is not sufficient to maintain the pace established 
and demonstrated in the first nine months. Our anticipation is that the 
work reported in the progress report is sufficient to heighten interest 
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for further involvement and expanding financial support on the part 
of the Army. Accordingly, we are requesting an increase in funds 
for the second year in order to: 
1. support 3 (Ph.D.) graduate students at 33% time each 
(approximately $15,000). 
2. provide 50% time for one quarter and 25% time for three 
' quarters to each of the three Co-Principal Investigators 
(approximately $18,000). 
3. provide for additional support personnel (approximately $4800). 
It is important that highly qualified Ph.D. students have the opportun-
ity for continued involvement with the research. In summary, we are 
asking for an increase in support of approximately 07,800, plus appro-
priate indirect cost expenses. 
Dr. Baker will call you in about two weeks to discuss the request with 
you and to obtain your permission to discuss the request with specific 
individuals at AMC Headquarters and at 0.C.R.D. 
Sincerely, 
Norman R. Baker, Ph.D. 
Project Director and Co-Principal Investigator 
John J. Jarvis, Ph.D. 
Co-Principal Investigator 
Vernon E. Unger, Ph.D. 
Co-Principal Investigator 
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The scientific personnel supported in part by contract funds are Pro-
fessors Norman R. Baker, John J. Jarvis, and Vernon E. Unger. Several 
graduate students, although not directly supported by contract funds, 
conducted their thesis research under the guidance of one of the three 
above faculty and contributed to the progress reported herein. Abstracts 
of the completed theses are included as appendices to this progress report. 
The students are: 
James R. Freeland 
Maj. John M. Grimshaw 
Lt. Col. Anthony M. Jezior 
Richard C. Kessler 
Lt. Col. Duane D. Miller 
Willem W. Swart 














Significant progress has been accomplished in two major areas: 1) research, 
development, and engineering and 2) mathematical network theory. Work has 
also been done on capital allocation and budgeting. 
In the R, D, and E administration area, the Dean-Hauser advanced materiel 
systems planning model has been extended to include a manpower planning 
model and information system (Appendix A). An invited paper for the 38th 
National Meeting of the Operations Research Society of America is currently 
being written which will integrate recent behavioral research on creativity 
with the manpower planning model (Appendix G). The resource allocation 
problem faced by Division and Branch Chiefs of the R, D, and E Directorate 
of the Army Materiel Command, Headquarters has been defined, methods of value 
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measurement have been discussed, a mathematical model has been developed, 
and methods of solution have been proposed (Appendix B). This work has 
already found application in a series of experiments being conducted at 
AMC, Headquarters by a study team from Northwestern University. Research 
is continuing in all areas with special emphasis being placed on improved 
methods of solution for the resource allocation model and on the development 
of a mathematical model for the control and evaluation of on-going R, D, 
and E projects. 
Three specific areas in network theory have been investigated. A working 
paper on an algorithm for the integer multicommodity flow has been written 
(Appendix H). A-special form of this problem, with application to course 
scheduling, has been studied extensively and a solution algorithm has been 
developed (Appendix F). Interesting new results and a solution algorithm have 
been proven for maximizing flows in a (directed) acyclic network with posi-
tive gains (Appendix C). These results are currently being written in pub-
lishable form. The concept of "funnel-nodes" has been defined mathematically 
and an algorithm for maximal flow in broad classes of networks with funnel-
nodes has been established (Appendix E). Continuing research is being di-
rected toward the problem of finding that maximal flow in a network which 
minimizes the length of the longest (distance) path with assigned flow. 
Potential military applications of this solution technique are in the area 
of troop and cargo movements. For example, one might be interested in 
assigning men and material to different transportation routes (headed by a 
common staging area) so that the last units will arrive at the specified 
area as soon as possible. 
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A new algorithm for the fixed-charge problem has been developed and an 
application to the location of pulpwood and paper mills has been studied 
in detail (Appendix D). A computer code for the algorithm is being written 
and military applications are being defined. Work is also continuing on 
resource allocation, two-dimensional constraints, and discrete dynamic 
programming and a working paper is underway (Appendix J). 
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Appendix A: Abstract of "A Model for Determining Skill Requirements in 
a Research Organization" by James R. Freeland, M.S. Thesis, Georgia 
Institute of Technology, June 1970. 
Skilled manpower is a critical resource in a research organization; however, 
few quantitative models have appeared which relate long-term organizational 
objectives and skill requirements. The thesis develops mathematical models 
which allocate skilled manpower to projects over time in order to maximize 
the expected contribution from the research effort. 
The future organizational objectives can be related to projects, alterna-
tive technical approaches, and tasks by planning procedures such as the 
Department of Army's QMDO planning. The models developed in the thesis are 
extensions of and consistent with the work done by Dean, Hauser, and Roepcke. 
It is assumed that the success of a technical approach is dependent upon 
the success of all member tasks, but that the success of a project depends 
only on the success of at least one technical approach. 
The overall model consists of four sequential models, called T, P, V, and 
M where models T, P, and V are solved by dynamic programming and M is solved 
by linear programming. Given an amount of support available for all projects, 
modelsT, P, and V identify the skill amounts for each task, technical approach 
and project which maximize total expected contribution. Model M allocates 
the skills to the projects in the pattern specified by the previous models 
so that project completion dates are met and the variation in the size of 
the workforce is minimized. 
The overall model provides information which can be used by the research 
organization to develop viable and timely policies for maintaining the proper 
mix of research skills. 
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Appendix B: Abstract of "The Development of a Quantitative Model for 
Resource Allocation Within the Exploratory Development Category of the 
Army Materiel Command" by Major John M. Grimshaw, M.S. Thesis, Georgia 
Institute of Technology, August 1970. 
A comprehensive analysis is conducted of a decision problem existing 
within the early stages of military research and development (Rand D). 
Three important areas are investigated: 1) a detailed description of 
the problem environment; 2) analysis of three general approaches to 
project/task evaluation; and 3) quantitative models of the decision 
problem and methods of solution. 
The problem investigated is one of the allocation of resources at the 
Army Materiel Command (AMC) for the 6.2 exploratory development effort, 
particularly at the division and branch chief level. Three general phases 
of the problem are identified: long range technical planning, preliminary 
budget planning, and resource allocation. The decision problems are 
defined and major constraints are specified. 
Three approaches to measuring the anticipated value of projects and tasks 
are considered: successive comparisons, multiple criteria scoring models, 
and planning-relevance trees. The advantages and limitations of each 
approach for use atAMC are clarified. Although the planning-relevance 
tree approach appears to have gained the widest recommendation within mili-
tary R and D, recent advances in multiple criteria scoring models suggest 
decided advantages over the more popular planning-relevance tree approach. 
The preliminary budget planning and resource allocation problems are 
structured and modeled mathematically. Dynamic programming (coarse grid 
approach) and a linear programming approximation are used to establish an 
upper and lower bound on the optimal solution for the grid size specified. 
An algorithm is constructed to search this bounded region for solutions 
which improve the feasible, non-optimal and optimal, non-feasible solutions 
thus determined. Information is generated with respect to trade-offs in 
value for alternative funding patterns. This information can be utilized 
during the budget specification process in order to identify and support 
unfunded requests. 
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Appendix C: Abstract of "Maximal Flow with Gains Through a Special 
Network" by Lt. Colonel Anthony M. Jezior, M.S. Thesis, Georgia Institute 
of Technology, October 1970. 
The special structure of a directed acyclic network with positive gains 
is utilized to develop an extremely simple and powerful algorithm for 
maximal flow. The algorithm uses a variation of the Ford-Fulkerson 
labeling procedure in which each node receives at most one label during 
any iteration. Flow changes are carried along and require little "back-
tracking" to the source node. Finiteness of the algorithm is achieved 
through a theorem characterizing basic feasible solutions for this special 
network. As a consequence of these results, the algorithm is more efficient 
than Jewell's algorithm for the general maximal flows with gains problem, 
i.e., not requiring an acyclic network with positive gains. 
Several potential areas of application are identified. As an example con-
sider a health system with several levels of treatment, e.g., neighborhood 
health stations, community health centers, and urban hospitals. Identifying 
the facilities at each level as nodes, the health system can be formulated 
as a network problem where the flow is the patients. The patients flowing 
through the system would not all pass through all levels of the system. This 
characteristic can be represented by a "loss factor" which is positive. Thus 
the network is acyclic with positive gains. Other potential applications 
include multi-level maintenance operations where not all repairable items 
pass through all levels of maintenance, multi-level educational or training 
operations where not all students pass through all levels, and multi-level 
information systems where not all queries pass through all levels of infor-
mation sources. 
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Appendix D: Abstract of "A Mathematical Formulation for Locating Pulp-
wood and Paper Mills" by Richard C. Kessler, M.S. Thesis, Georgia Institute 
of Technology, June 1970. 
A mixed zero-one integer programming formulation of the fixed charge problem 
is presented. The model falls in this class because it has continuous 
variables describing variable costs and zero-one variables describing fixed 
costs. linear programming is widely used to solve similar problems having 
all continuous variables, whereas methods of implicit enumeration are used 
to solve zero-one integer problems. Specifically, Benders' partitioning 
and a modified integer programming procedure are presented as a solution 
technique. 
An example application of the model is made to the location of bulk paper 
mills. The model selects pulpwood and papermill locations which minimize 
total product cost under a set of forest resource and market demand con-
straints. Although both economic and social factors enter into the location 
decision, only economic factors are included in the mathematical model. An 
example is present to illustrate the application of the solution algorithm. 
Appendix E: Abstract of "Maximal Funnel-Node Flows in an Undirected 
Network" by Lt. Colonel Duane David Miller, M.S. Thesis, Georgia Insti-
tute of Technology, June 1970. 
The research generates from the following type of problem. Consider a 
logistical commander who is in a recently established theater of operations 
and who is receiving ammunition at an ocean terminal for immediate shipment 
to a forward area. The only trucks available to transport the ammunition 
are being received at another terminal for ultimate shipment forward. Since 
there exists a road network of limited capacity, the problem is to route 
the trucks to the ammunition terminal for loading and then to route the 
.loaded trucks to the front in such a way that the maximum amount of ammu-
nition is forwarded. Since all the trucks must pass through a common node 
(ammunition depot) which has neither source (truck depot) nor sink (the 
front), the network has a "funnel-node", namely, the ammunition node. 
Obvious analogous problems exist in communications networks where all mes-
sages pass through a common message center. 
The general concept of funnel-nodes and funnel-node flows is defined and the 
resulting mathematical model is formulated. An algorithm is presented which 
computes the maximal value of a funnel-node flow by three applications of a 
"single-commodity, max-flow" algorithm and which determines the maximal flow 
pattern by an additional application of a "single-commodity, max-flow" 
algorithm and the application of a chain flow decomposition algorithm. 
Several example problems are defined and formulated. The algorithm is illus-
trated by solving simple cases of the example problems. 
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Appendix F: Abstract of "Integer Programming for Imbedded Unimodular Con-
straint Matrices with Application to a Course Scheduling Problem" by 
Willem W. Swart, Ph.D. Dissertation, Georgia Institute of Technology, 
August 1970. 











X = vector with integer components 
where: 
C is a row vector with n integer components. 
X is a column vector with n components. 
A is a m
1 
by n matrix posessing the unimodular property. 
A
1 




is a co/limn vector with m integer components. 
b
2 
is a column vector with m
2
1 
 integer components. 
Models with the above structure areas in many areas of application including 
multicommodity network flows, multi-period decision making, and scheduling. 
A class of course-time scheduling problems are formulated and computational 
results are obtained for these problems. The results obtained serve to 
illustrate the computational aspects of the algorithm. 
The solution methodology is based on the principles of implicit enumeration 
and takes advantage of the special structure of the A
1 
matrix for computing 
lower bounds. The resulting algorithm is general in nature, but requires 
that the imbedded problem be converted to a zero-one integer programming 
problem. A method is developed to make the required conversion, but the 
conversion increases the number of variables in the imbedded problem as a 
function of the values of the components of b
1
. The algorithm is particu- 




Appendix G: Abstract of "Scientific Information and Innovation in Research 
Organizations" by Norman R. Baker, invited paper at 38th National Meeting 
of ORSA, Detroit, Michigan, October 1970. 
Previous empirical work in industrial research organizations has demon-
strated that two types of information are necessary for the creation 
of an idea which may result in a research proposal. One type of infor-
mation results in recognition of a need, problem, or opportunity. A 
second type of information results in identification of a means to satisfy 
the need, solve the problem or capitalize on the opportunity. Specific 
information sources were identified and one reviewed. This paper extends 
the previous results and develops the information generation process as 
a natural subprocess inherent in long-range technological forecasting and 
planning. The critical problems of information access and timing of access 
are discussed. Opportunities for application to on-going research activities 
are discussed. 
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Appendix H: Abstract of "An Integer Multicommodity Flow Algorithm" by 
Norman R. Baker and George Bozoki. 
A general multicommodity flow algorithm is presented which is based on 
the primal-dual method of linear programming. The computational effi- 
ciencies of the compact form of the transportation problem are maintained. 
A "good" integer solution to the minimum cost multicommodity is attained 
by sequentially revising the solution of the single commodity problems for 
which unlmodularity holds. Conceptually, the procedure consists of the 
following steps: (1) find an optimal routing for the p commodities 
independently, (2) use the result of (1) as an infeasible starting solu-
tion for the multicommodity (dependent) case, (3) reduce infeasibility 
at minimal augmented cost to the independent problems, and (4) repeat 
(3) until (2) becomes feasible. The procedure provides "good" integer 
solutions in specific applications and/or good starting solutions for linear 
or integer programming formulations. 
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Appendix I: Abstract of "Maximal Flow with Gains Through a Special Net-
work" by John J. Jarvis and Anthony M. Jezior. 
The special structure of a (directed) acyclic network with positive gains 
is utilized to develop an extremely simple and powerful algorithm for 
maximal flow. Finiteness of the algorithm is achieved through a theorem 
characterizing basic solutions for this special network. 
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Appendix J: Abstract of "Resource Allocation, Two-Dimensional Constraints, 
and Discrete Dynamic Programming" by Norman R. Baker and Jonathan S. Yormark. 
This paper considers the allocation of a scarce resource when the allocation 
is simultaneously restricted by constraints on two entities, e.g., when both 
time period and activity constraints are imposed. The major assumption is 
that return from an allocation to an activity during a single time period 
is independent of allocations made to the same activity during other time 
periods or to other activities during the same or other time periods. This 
two-dimensional resource allocation problem is formulated as a discrete 
dynamic programming problem, a (0,1) programming problem, and a capacitated 
transportation problem. The assumptions underlying each formulation are 
made explicit. Optimal dynamic programming procedures are developed for 
certain partially constrained foLms of the problem and are shown to solve 
analogous classes of (0,1) programming problems. The general two-dimensional 
problem remains unsolved; however, an upper bound on the value of the objec-
tive function has been found, an iterative search solution procedure has 
been suggested, and two promising search algorithms are being evaluated. 
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The scientific personnel supported in part by contract funds are 
summarized in Appendix A. They consist of three Georgia Institute of 
Technology faculty and a number of graduate students. The graduate 
students did not receive direct support from the contract, but did 
receive indirect support in travel and secretarial assistance and 
conducted their research under the guidance of one of the three faculty. 
During the support period, 7 graduate theses were written, 4 papers 
were presented at National meetings of ORSA (Operations Research Society 
of America) or of TINS (The Institute of Management Science), and three 
have been accepted for publication. Each paper was forwarded to ARO, 
Durham at the time of submission. Abstracts from the theses and the papers 
are included in Appendix B. 
Research was conducted in three broad areas of Operations Research 
and Management Science. The specific problems studied and results obtained 
are discussed in the following sections. The abstracts in Appendix B 
detail the specific problems and results. 
The Administration of Research, Development, and Engineering Endeavors  
A model of the resource allocation problem faced by research adminis-
trators in large organizations characterized by many hierarchial levels 
was developed (Appendix Bl). For the special case where only three funding 
levels are considered for each alternative, e.g., minimal, anticipated, 
and maximal funding, the out-of-kilter algorithm of network theory can be 
used as a solution methodology. The results of this work are presently being 
evaluated for potential utilization by the Department of Army. A study team 
from Northwestern University (Prof. W. E. Souder, Project Leader) is evalu-
ating a modification of the model with respect to the budgeting and allocation 
decisions at the Division and Branch Chief level in the Research, Development 
and Engineering Directorate of the Army Material Command, Headquarters. In 
addition, Captain C. R. Shumway will be examining the applicability of the 
model for utilization at the U. S. Army Air Mobility Research and Development 
Laboratory, Ames Research Center. 
The Dean-Hauser advanced material systems planning model has been extended 
to,include a manpower planning model and information system (Appendix B2). A 
paper was written which integrates recent behavioral research on creativity 
with manpower and technological planning (Appendix B3). The result is a model 
of a management information system which supports researcher innovative 
Degrees Attained 
James 73- Freeland 
	
M.S.I.E. 
Major 	Grimshaw 	 MO S • 
Thesis Summary  
Appendix B2 
Appendix Bl 
beh,wier. and wh!,ch rovidos the input d a ta for technical planning, project 
saecLion, arui manpol.:-er planning. Since its presentation by Dr. Eaker as an 
invitee Flpe7 at the 38th 'atienal Meeting of ORSA, over 200 copies of the 
paper have been distributed and the paper has been accepted by Menanemont 
Science for tub r: t:? an. 
The following students have received advanced de roes for their research 
effort in this area: 
Network TheallAplvois 
Thera are many network situations in which the amount of flow into a 
node (activity) is not equal to the amount leaving the node. Examples of 
such networks include multi-level maintenance operations, information systems, 
and health systems. Such networks are referred to as networks with gains. 
The special structure of a (directed) acyclic network with positive gains was 
utilized to develop an algorithm to determine maximal flow (Appendix B5). A 
paper has been presented, and accepted by Operations Research, which reports 
on this research (kelendlx B6). 
etber networks arise which have the characteristic that all flow must 
pass through some common node, called a funnel-node. The transport and dis-
semination of arreunition in an established theater of operations is one such 
problem. Another such problem is a communications systems within which all 
communications must pass through a common message center. The general concept 
of funnel-nodes and funnel-flows, the resulting mathematical model, and an 
algorithm for finding maximal flow were developed (Appendix B7). A paper was 
read at a national meeting of the Operations Research Society of America and 
accepted by Operations Research (Appendix B8). 
In many applications of network theory/analysis, especially in transporta-
tion studies, a network exists. The research question then becomes one of how 
to best modify an existing network, perhaps in order to achieve some planned 
result, while simultaneously minimizing disruption to existing flows. Initial 
work has been accomplished on this problem (Appendix B9). 
The following students have received advanced degrees for their thesis 




Thesis Sumnary  
Lt. Col. Anthony M. Jezior 
	 M.S. 	 Appendix E5 
Lt. Col. Dun D. 	 M.S. Appendix 37 
Oscar Mejia 
	
M.S. 	 Appendix B9 
Analysis of Manpower Training Systems  
Consider a manpower training system which accepts input of varying 
quality and which contains multiple training events all of which oust be 
successfully completed by an individual in order for him to he certified 
as trained. The cumulative probability that an individual will pass an 
event is a function of the input (quality) group of which he is a member, 
and it is a monotonically increasing function of time spent (number of trials) 
In that event. If trainees are permitted to advance to the next training 
event as soon as the present event is passed, and if trainees are dropped 
(failed) from the system if success in an event is not achieved (after some 
fixed number of trials), then it is possible to improve system effectiveness 
by properly sequencing the training events. 
The cost of operating such a system is measured as a function of time, 
the probability of failure, the magnitude and quality of input, and the 
number of instructor hours per time unit. The performance criterion is 
specified as instructor hours per graduate. A rule for optimally sequencing 
the events is proven and a general methodology for achieving the least cost, 
constrained output from an input of given size and quality is constructed. 
Using data provided by the Human Resources Research Office, the proposed 
system was applied to Basic Combat Training. It appears that the proposed 
system may result in a 58 percent savings in Basic Combat Training instructor 
costs. However, the proposed system would require field testing before true 
savings or losses could be accurately determined (Appendix B10). The analytical 
results and solution algorithm were extended by subsequent research (Appendix 811). 
Two advanced degrees were awarded for thesis research effort in this area: 
Degree Attained 
	
Thesis Summary  
Major John E. Miller 
	
M.S. 	 Appendix B10 
Major David S. Grieshop M. S . Appendix B11 

















List of Scientific Personnel 
A. Faculty: 
Dr. Norman R. Baker 
Dr. John J. Jarvis 
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51: Abstract cf "Tbe  Develops-nt 3f a Qtrntitat.f ,re 	for Resoure 
Allocat5.on Within 	Ex71.7,-acry Developr:cnt n%tegor: , of the 4.=,f 
Cor:.rana" by Major John ti. GrIm.7,11aw, M. S. The 	Caorgia Institute of 
Technolcdgy, August .1.' TO. 
A eomprehensiv, , an.:1:isis is con('..ucted of n dceisica problem. existing 
withn -Lhe 	s.c.age 	ri11.3ary -,. e 	ht ;:ad dc -re10,7m(nt (Ti. and D). Three 
imvortant ar investiat:J: 	A ,det-Aled dascrion of the problem 
,.LnalyoTh of thrzr! a=oa-.-, her. to project/task evalua- 
tio,a; and ') qurnita',ive models of the decision probleim and nethods of 
solution. 
The problem investigated is one of the allocation of resources at the 
Army naterial Carmand (ANC) for the 6.2 exploratory development effort, 
particularly at the division and branch chief level. Three general phases 
°of the problem are identified: long range technical planning, preliminary 
budget planning, and resource allocation. The decision problems are defined 
and major constraints are specified. 
Three approaches to measuring the anticipated value of projects and tasks 
are considered: successive comparisons, multiple criteria scoring models, 
and planning-relevance trees. The advantages and limitations of each approach 
for use at AMC are clarified. Although the planning-relevance tree approach 
appears to have gained the widest recommendation within military R and D, recent 
advances in multiple criteria scoring models suggest decided advantages over 
the more popular planning-relevance tree approach. 
The preliminary budget planning and resource allocation problems are 
structured and modeled mathematically. Dynamic progreenning (coarse grid 
approach) and a linear programming approximation are used to establish an 
upper and lower bound on the optimal solution for the grid size specified. An 
algorithm is constructed to search this bounded region for solutions which 
improve the feasible, non-optinal and optimal, non-feasible solutions thus 
determined. Information is generated with respect to trade-offs in value 
for alternative funding patterns. This information can be utilized during the 
budget specification process in order to identify and support unfunded request3. 
Apeenix - PeLee 2 
2: Abetract of '', 6t Mode for l'etermiaing S-ill fiequirceents in a Reseerca 
07ganization" by Jaen R. Free? end, M. S. Thesis, Georia Institute of 
Techneiztv, : jr,.:.e 19'0) 
aanpower in a critical resourze in a resee-ch oreanizatlon; 
however, few quaneita•e -cdels have appeared which relate long-term organiza-
tional cbjeczi7ec and skill reviremaats. The thesis develops mathematical 
models which alloeate skilled manpower to projectc over time in order to 
maximiae the expected contribution from the research effort. 
he future oreanizational objectives can be related to projects, alterna-
tive technical approaches, and tasks by planning procederea sue leee the T'e-
partment of Army's Q.T0 planning. The models developed in the thesis are 
emtensiois of and consistent with the work done by Dean, Haescr, and Roeecke. 
It is assumed that the success of a technical approach is dependent upon the 
success of all member tasks, but that the success of a project depends only 
on the success of at least one technical approach. 
Tice overall model consists of four sequential models, called T, P, V, 
'and M where models T, P, and V are solved by dynamic programming and M is 
solved by linear programming. Given an amount of support available for all 
projects, models T, P, and V identify the skill amounts, for each task, 
technical approach and project which maximize total expected contribution. 
Nadel MallOcates the skills to the projects in the pattern specified by the 
previous toad§ so that project completion dates are met and the variation 
ih the size Of the workforce is minimized. 
.• 
The overall model provides information which can be used by the research 
organization to develop viable and timely policies for maintaining the proper 
mix of research skills. 
B3:• Abstract of "Information and Innovation in Research Organizations", 
by Norman R. Faker and James R. Freeland, November 1970. Presented at 38th 
National Meeting of ORSA, October 1970, Detroit, Michigan. 
EMpircal work in industrial research organizations has provided data 
sufficient to describe researcher behavior during innovation. The role of 
information during idea creation and idea submission is described based on 
these data. A model of a management information system is structured which 
is consistent with and supportative of researcher behavior and which includes 
technical planning, project selection, and manpower planning. The criti. al 
fIrlp -z,7.di;z 	- 2ase 
problems of information search and dissmination are examined. 
134: AbLtrect of "On a Tvo-Dimensional Resource =location Problem," by 
Jonathan S. Yo=rk and Norman R. Baker, May 1971. Presented at 
the 39th National Meeting of °R SA, April 1971, Dallas, Teas. 
A two dimens!.ona:l resource allocation problem is conziOcr?d; for example, 
Allocation over activities and time periods. Tho indenondence and separftility 
of returns for a given activity-time period pair is assumed. The form of the 
model is essentially a ceneralization of a nonlinear capacitv.tna transnorta-
tion problem. Lagrange multipliers are introduced and the Lasrangian is :how= 
to decompose into a sequence of bounded variable nonlinear knapsack problems, 
amenable to solution by dynamic programming. Several results are proven for 
piecevise convex return functions including (1) the piecewise convexity of 
the optimal payoff (knapsack) function and (2) the structure of the admissible 
policies. The result (1) accelerates the calculation of the knapsack func-
tions. The result (2) leads to (3) a closed form solution under the assump-
tion of equal allocation bounds for an activity across time. 
B5: Abstract of "Maximal Flow with Gains Through a Special Network" by Lt. 
Colonel Anthony M. Jezior, M. S. Thesis,' Georgia Institute of Technology, 
October 1970. 	 • 
The spocial structure of a directed acyclic network with positive gains 
is utilized to develop an extremely simple and powerful algorithm for maximal 
flow. The algorithm uses a variation of the Ford-Fulkerson labeling procedure 
in which each node receives at most one label during any iteration. Flow 
changes are carried along and require little "back-tracking" to the source node. 
' Finiteness of the algorithm is achieved through a theorem characterizing 
basic feasible solutions for this special network. As a consequence of these 
results, the algorithm is more efficient than Jewell's algorithm for the 
general maximal flows with gains problem, i.e., not requiring an acyclic network 
with positive gains. 
Several potential areas of application are identified. As an example con-
sider a health system with several levels of treatment, e.g., neighborhood 
health stations, community health centers, and urban hospitals. Identifying 
the facilities at each level as nodes, the health system can be formulatt:'i tlz 
a network problem where the flow is the patient. The patients flowin,z 
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the syotem -.Jou:LA not all pee threuEn all levels of the system. This 
characteristic can he represented ty a 'loss factor" w7eieh is positive. 
.Thus the network is acyclic with positive gains. Other potential applica-
tions include multi-le/el maintenance operatiene where not all repaieable 
items peso through all levels of maintenance, meltielevc1 educational or 
training eeerat -lene •wheee net ell students 7ass t4rou:-;h all levels, and 
multi-level information syeteme, where not all averies pass through all 
levels of inforMation sources. 
116: Abstreet of "Maximal Flow With Gains Throee2h A Special Network," by 
John 3. Jarvis an?, Anthony M. Jez'cr, October 1970. ?resented at 39th 
National Meeting of ORSA, May 1971, Dallas, Texas. 
The Special structure of a (directed) acyclic network with positive 
' gains is utilized to clevelor an extemely simple and powerfti alerithm 
for maximal flow. Finiteness of the algorithm is achieved throuch a theorem 
characterizing basic solutions for this special network. 
B7: Abstract of "Maximal Ftnanel-Node Flows in an Undirected Network" by 
Lt. Colonel Duane David Miller, M. S. Thesis, Georgiainstitute of Technology, 
_ Jiine 1970. 
The research generates from the following type of problem. Consider a 
logistical commander who is in .a recently established theater of operations 
and who is receiving ammunition at an ocean terminal for immediate shipment 
to a forward area. The only trucks available to transport the ammunition 
are being received at another terminal for ultimate shipment forward. Since 
there exists a road network of limited capacity, the problem is to route 
the trucks to the ammunition terminal for loading and then to route the loaded 
trucks to the front in such a way that the maximum amount of ammunition is 
forwarded. Since all the trucks must pass through a common node (ammunition 
depot) which has neither source (truck depot) nor sink (the front), the 
network has a "funnel-node", namely the ammunition node. Obvious analogous 
problems exist in communications networks where all messages pass through a 
common message center. 
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The eenerai concept of funnel-nodes and funnel-node ..3 c.  is defined and 
the resultimz mathematical model is formulate. An algorithm is prel:ented 
which compute;; the raAimal value of a funnel-node flow by three apclications 
of a "single-cammo:lity, max-flov" algorithm end which . determines the naximra 
flow pattern by an addi'z;ional application of "single-commodity, max-flou" 
algorithm and the application of a ch?.in flow deconposition algorithm. 
Several example prosolems are ?defined and formulated. The algorithm is illus-
trated by solving simple oer:os of the examole problezns, 
P8: Abstract of ":1aximal Funnel-Node Flow in pm Updirect ,, d 7qetwork," by 
John J. 	and Duane D. 	April 15:71. Fresel.ted at 39th 
National Meeting of OFSA, May lc71, 2pXlas, Texas. 
The "Punnel-Node, Maximal. Flow" problem in fermulated, examThed, and 
solved for an undirected network. The solution procedure thuo Oz.:rived 
requires only applications of the ninele-commoklit7 flow algorithm, a - 1d is 
therefore extremely efficient. Several applications are also presented. 
21.D Abstract of "A Sensitivity Analysis on Multicommodity Network Flows" 
by Oscar Mejia, M. S. thesis, Georgia Institute of Technology, June 1971. 
This thesis presents an efficient method for finding the dual variables 
associated with a new set of arcs for a Given multicommodity network. Also, 
a method is presented for adding the "beet" set of arcs to a given network. 
The methodology of this research utilizes the principles of linear programina, 
duality and the multicommodity flow algarithms. 
B10: Abstract of "A Model of a Manpower Training System with Applications to 
Basic Combat Training in the United States Army" by Major John E. Miller, 
M..S. Thesis, Georgia Institute of TIchnology, June 1971. 
Two performance criterion functions are developed and applied to a 
simulated manpower training system. The simulated system accepts inputs of 
varying quantity and quality. It contains multiple training events and may 
be operated such that each event has a probabilistic outcome. The cumn1, -..tive 
probability of success for an event is a monotonically increasing function 
of time spent in that event and is independent of the order of the events. 
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Az the amount of time in an event is constrained, the maximum achievable pro-
bability of success within an event is lessened. The cost of operating the 
system is presented as a function of time, the probability of failure, the 
magnitude and quality of input, and the number of instructor hours per time 
unit. The performance criterion for the simulated training system is in-
atructor.hours eer graduate. 
Two different training procedures are compared using the system 
performance criterion of instructor hours per graduate. Within each 
procedure general relationships between input quantity and quality, output 
quantity, and cost of operation are developed, proven and demonstrated. 
A rule for optimally sequencing the events in one or the training 
procedures is developed, proven and demonstrated. A general methodology 
for achieving the least cost, constrained output from an input of given 
size and quality is developed and demonstrated. 
Bil: Abstract of "An Analysis of the System Effectiveness of a Sequential 
Manpower Training Model" by Major David S. Grieshop, M.S. Thesis, Georgia 
Institute of Technology, January, 1972. 
Rules for efficiently improving the measure of system effectiveness for 
a sequential manpower training system are developed, proven, and demonstrated. 
The system permits trainees of varying aptitudes to train in a series of 
events at a pace commensurate with their abilities. The cumulative probability 
of success for an event is a monotonically increasing function of the number 
of times the event is attempted and is independent of the order of the event 
. within the sequence of all events. An incremental cost is incurred each time an 
event is attempted and accrues until a trainee either successfully completes the 
system or is eliminated as a failure. The measure of system effectiveness, the 
efficiency index, is the expected cost per successful trainee. 
An algorithm is presented where the decision variables are the number df 
times an event may be attempted and the sequence of the events. The cost of 
training and probabilities of success are considered fixed. A sufficient 
condition, which when satisfied insures the algorithm yields an optimal solution, 
is developed and proven. An alternative method for solution improvement is out-
lined when the sufficiency condition is not satisfied. 
